
Activity 11 – Conservation of Energy II

Studio Physics I

In this activity, you will be reviewing most of what you have learned in Physics I up to this point.  This will give you a chance to see how well you have learned the material and what areas you need to study.

Consider a 500 g cart rolling down an inclined track.  The length of the track is 1.000 m and one end of the track is 5.00 cm higher than the other end.  The cart starts at rest at the top of the track.  You will use Newton’s 2nd Law and kinematics equations to analyze the motion of the cart.  You will then use that information to find its potential energy and kinetic energy.  The objective is to verify the energy equations that we discussed in class.  Use g = 9.8 N/kg.  Show all work (just like a test or homework).
There are many calculations to perform in this activity.  If you have your laptop and know how to manipulate an Excel spreadsheet, you can download one for this activity from the Activities page.  This spreadsheet is set up to help you do the calculations efficiently and accurately.  (See appendix below.)

Part A – Energy of a Cart on an Inclined Plane – With No Friction

1.  What is the inclination angle of the track based on the information above?

2.  Identify all forces acting on the cart.  (Assume no friction for now.)  Choose a coordinate system so that +X is down the track and X=0 is the initial point.  Draw a free-body diagram.  Resolve any force not aligned with the coordinate system into its X and Y components.  Write Newton’s 2nd Law for the X direction.  (We don’t care about Y.)  Solve for the acceleration of the cart down the track.


If you did not get a = 0.49 m/s2 please check with your instructor or TA.

3.  The next step is to determine the time (t) at which the cart will reach the following distances along the track (d): d = 0.25, 0.50, 0.75, 1.00 m.  Assume t = 0.000 at the top.  Since you will be using the values of t for subsequent calculations, you should keep at least 3 decimal places to avoid numerical errors.


If you did not get t = 1.010, 1.429, 1.750, 2.020 s please check with your instructor or TA.

4.  In order to save time, we have printed data tables for everyone to use in this activity.  You should staple one to your activity sheet when you hand it in.  (Some values are already filled in as a check.)  Fill in the table marked “No Friction”.
►  The value h is the height above the bottom level of the track.  Is there a simple relationship between h and d?  (Hint: There is, and the answer can be found in the exercise in the previous activity.)
►  v is the speed of the cart.  Is there a simple relationship between v and t?  (Hint: There is, and the answer can be found in the equations of motion we discussed in the first class.)
►  PE is the potential energy of the cart due to gravity.
►  To calculate cumulative PE at a given time (column), take PE at the current time and subtract PE at the initial time.  (Hint: Since the cart is rolling downhill, you should get a negative number.)
►  KE is the kinetic energy of the cart.
►  To calculate cumulative KE at a given time (column), take KE at the current time and subtract KE at the initial time.  (Hint: This calculation is very easy.)

5.  What is the relationship between PE and KE?  Is total mechanical energy (KE+PE) conserved?


If you did not verify conservation of energy please check with your instructor or TA.

Part B – Energy of a Cart on an Inclined Plane – With Significant Friction

6.  Now we will add friction to the analysis.  Assume a constant force of friction = 0.100 N opposing the motion of the cart along the track.  Repeat step 2 but with the force of friction included.


If you did not get a = 0.29 m/s2 please check with your instructor or TA.

7.  Determine the time (t) at which the cart will reach the same distances along the track (d): d = 0.25, 0.50, 0.75, 1.00 m.  Assume t = 0.000 at the top.  Again, since you will be using the values of t for subsequent calculations, you should keep at least 3 decimal places to avoid numerical errors.


If you did not get t = 1.313, 1.857, 2.274, 2.626 s please check with your instructor or TA.

8.  Fill in the table marked “With Friction.”
►  Wnon-cons in each column is the total non-conservative work done by friction up to that point in time.  To calculate this quantity, go back to the definition of work done by a constant force.  Should this work be positive or negative?  Explain in two ways: (1) by the formula for work for a constant force, and (2) by whether this work is increasing or decreasing the total mechanical energy of the cart.

10.  Is total mechanical energy conserved for this case?  If yes, explain where the energy came from that went to the heat of friction.  If no, is there another equation related to energy that is true in this case?

Part C – Impulse and Momentum of a Cart on an Inclined Plane

11.  Calculate the impulse on the cart without friction by multiplying the constant net force (in the +X direction) by the time it took to go 1.00 m.  Compare that with the mass of the cart times its velocity (in the +X direction) when the cart has reached 1.00 m.  They should be the same.  Now compare with this formula:
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All of these methods should give the same result.  Show why this formula is correct.

12.  Repeat the impulse and momentum calculations for the case with friction.  Do the numbers also work for this case?

Appendix – Spreadsheet Instructions

In a spreadsheet, numbers or formulas are placed in cells.  Cells are identified by their column letter (A, B, C, etc.) and row number (1, 2, 3, etc.).  Formulas begins with an = sign and can refer to other cells by column letter and row number.  When the reference letter or number begins with a $ symbol, that means it is a fixed reference that will not change if you copy a formula from one cell to another.  Otherwise, the reference will automatically shift to a new row and/or column by the appropriate amount.  For example, if you copy a cell in column A with the formula “=$A$1+A2+A3” to the same row but in column B, it will become “=$A$1+B2+B3”.

The only piece of data you will need to enter into the spreadsheet is the force of friction in cell A3.  It does not matter if you enter a positive or negative number.  You should verify the formulas in column B and note that you did so on your write-up.  Then you can copy cells from column B of the table to the other columns and the spreadsheet will automatically calculate the values for this activity.







©2003 Bedrosian
Rev. 19-Feb-06 Bedrosian

_1127057400.unknown

